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■ SUMMARY 



An investigation has been made in the. NACA 7- by lo- 
foot wind tunnel of a large-chord NACA 23021 airfoil 
equipped with two arrangements of a completely extended 
15-piercent-chord extensible flap. One of the flaps had a 
faired juncture, without a gap; the other was provided 
with a slot between the trailing edge of the airfoil and 
the nose of the flap. Complete aerodynamic section char- 
acteristics are presented for the various flap deflections 
for both flap arrangements in the completely extended po-" 
sition. r - 

. The results showed that the basic airfoil gave the 
lowest profile-drag coefficients over the low lift ran<?e, 
the airfoil with the plain extensible flap 'Save the lowest 
profile-drag coefficients over the moderate lift range, 
and the, airfoil with the slotted extensible flap, gave the 
lowest profile-drag coefficients over the high lift range. 
The airfoil with the slotted extensible flap had the same 
maximum lift at a flap deflection of 25° as the airfoil 
with the plain extensible flap had at a flap deflection 
of 60°.' The results of comparisons of the airfoil pitching- 
moment coefficients obtained with the two types of flap 
are dependent upon the basis chosen for comparison. 



INTRODUCTION 

i 

The National Advisory Committee for Aeronautics has 
undertaken an extensive investigation of various wing- 
flap combinations to furnish information applicable to the 
aerodynamic design of hi?h-lift devices for improving the 
safety and the performance of airplanes. .Two characteris- 
tics of high-lift devices considered desirable are high 
lift with variable drag for landing and high lift with low 
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drag for take-off and -initial climb. Other desirable 
aerodynamic features are: no increase in drag with the 
flap neutral; small change in pitching moment with flap 
deflection; low forces required to operate the flap; 
and froedom from possible hazard duo fro icing. 

As part of an invo e t igat ion of a balanced split 
flap, tests have boon made of an IfACA 23021 airfoil 
equipped with two arrangements of s. 0.15c chord exten- 
sible flap. Tho arrangements v/orO tested, only in the 
completely extended condition. One of the extensible 
flaps has a slot and is tho completely- extended bowler 
flap; the other arrangement has no slot and is somewhat 
similar, to the now Zap typo of flap. 



MODEL 



Tho basic airfoil was- built to the NACA 23021 pro- 
file and has a chord of 3 feet and: a span of 7 foot; the 
section ordinates are given in reference 1. Tho 15- . 
percent-chord flap used was built to the Clark Y profile. 
The flap was attached to the airfoil by special hinges 
permitting a wide variation in the; location and tho de- 
flection of the flap with respect to the airfoil. A sec- 
tion view of the airfoil with the slotted extensible 
flap is shown in figure 1. The nose 'of the flap was lo- 
cated 1.5 percent' of the airfoil chord below the trailing 
edge of the airfoil for all- flap deflection's. The airfoil 
with the plain extensible flap is shown in figure 2. Por 
this installation tho nose point of the fXap was located 
from the conditions that it be below the trailing ,edgo 
of the airfoil and that the upper surface' of tho flap bo 
approximately tangent to the extended upper surface of 
the airfoil. The airf oil-flap junction was sealed and " 
smoothly faired with modeling clay on both upper and lowor 
surfaces. The flap deflections for both arrangements 
were measured with respect 'to the airfoil chord lino. 



TSSTS AND HBSULT6 



The models were' mounted in thO:Closed test section 
of tho NACA 7- by 10— foot wind tunnel -(reference 2) so 
that they completely spanned the 'jet except for small 
clearances at each 'end. The 'main airfoil was rigidly 
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attached to the balance frame "by torque tubes, which, ex- 
tended through the upper and the lower boundaries of the 
tunnel. The' angle of attack of the- model was set from 
outside the tunnel by rotating the torque tubes with a 
calibrated drive. Since approximately tw c-dimens ional 
flow is obtained with this type of installation, the soc- 
tion characteristics of the model under test can be de- 
termined. 

All the tests were made at a dynamic pressure of 
16.37 pounds per square foot, which- corresponds to a -ve- 
locity of about 80 miles per hour under standard atmos- 
pheric conditions and to an average tost Reynolds number 
of about 2,130,000. Eecav.se of the wind-tunnel turbu- 
lence, the effective Reynolds number was approximately 
3,500,000. For all tests, the Reynolds number is based 
on the chord of the airfoil with the flap retracted and 
on a turbulence factor of 1.5 for the tunnel. Tcr each 
arrangement of wing and flap, tests were mads through an 
angle-of-attack range from -6° to the stall. 

She test results are given in standard section non- 
dimensional coefficient form corrected as explained in" 
reference 2. 

soction lift coefficient (i/qc) 

section profile-drag coefficient (d D /qc) 

soction pitching-moncnt coefficient about the 
aorodynamic center of the plain airfbil 

°(a.c.) Q . 
^ q~c"= ' 



section lift 
section profile drag, 
section pitching moment 
dynamic pressure (ip"V s ) 

chord of basic airfoil with flap retracted 



C X 
c do 
n (a.c.) 0 

where 

X 

d o 

n (a.c.) Q 
1 
c 

and 
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a 0 ar.glo of attack .tor infinite aspect ratio 

6f flap deflection with respect to airfoil chord 
line 



A J." 



o various measurements nade in the tests are be- 
lieved to be accurate within the fallowing limits: 

a, Q ±0 .lO c do(e . „ 1#o) -±0.0006 

°hr.cx ±0 '° Z C ^e(c;=a.o) *°- C02 

c„. s - ±0.003 5 f -I- ±0.3° 

"(a.c. ) Q 

c fl - - - - - ±0.0003 Flap_po S ition - - - ±0.002c 

"°nin 

He corrections have "been applied to the data for the 
flap hinge fittings. 2he relative rerits of the various 
arrangements are probably inappreciably affected because 
the sane hinge-- fit tings were used throughout the t-e-sts» 

The results of the tests are p'resented as aerodynamic 
section characteristics in figures 3 to 6. 



DISCUSSI01T 



It should be remembered that the flaps were tested 
only in the completely extended condition. Extending tho 
flap for either flap arrangement increased the wing chord, 
and, since the lift coefficients are basod on the wing 
chord with tho flap retracted, the slope of tho lift curve 
and the maximum lift coefficient were considerably increasod* 
(Sec figs. 3 and 4.) A comparison of the slopes of tho 
lift curves given in figures 3 and 4 shows that for flap 
deflections less than 25° the slopes are greater for tho 
airfoil with the slotted extensible flap than for the air- 
foil with the plain extensible flap, probably because the 
slotted extensible flap is unstalled for the low deflec- 
tions. For deflections greater than 25°, tho slopes of 
the lift curves are about the same for both airfoil-flap 
arrangements. In general, thoro is less change in the 
angle of attack for maximum lift with changes in flap de- 
flection for tho slotted oxtonsible flap arrangement than 
for the plain extensible flap arrangement. 
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The plain extensible flap must. be", deflected approxi- 
mately twice- as much as the slotted extensible .flap to 
give the same maximum lift. coefficient . As' shown in fig- 
ure 5, this fact is true for only slotted extensible flap 
deflections less - than 25° , but, -since almost the same max- 
imum lift coefficient is obtained for a. 25° deflection of 
the slotted extensible flap as for a'-. 60°-. deflection of the 
plain extensible flap/ there would be rub. need to use 
higher slotted extensible flap deflections . for take-off. 
Increased drag may be desired, however, for landing and 
higher flap deflections may be used for the landing con- 
dition. - ■ - 

A comparison of the optinmm arrangements of the two 
types of flap, from considerations of low profile drag at 
a given lift coef f icient , - is made in figure 6. This fig- 
ure shows that the basic .airfoil has the lowest profile 
drag for lift coefficients' less than 0.8. For lift coef- 
ficients between 0.8 and 1.4, the airfoil with the plain 
extensible flap deflected . 10° has the lowest profile drag. 
It should bo noted that the airfoil with the plain exten- 
sible flap deflected 0° might have had somewhat lower 
prof ile-dra'g characterist ics ' if it had been possible to 
fair the lower surface to a better profile. For lift 
coefficients greater than 1.4, the airfoil with the slot- 
ted extensible flap has the lower profile drag, provided 
it is not deflected more than 25°. 

A comparison of the pitching- .m omo nt coefficients 
corresponding to the envelope polars of figure 6 shows 
that the airfoil with the plain extensible flap has lower 
pitching-moment .coefficients than the airfoil with the 
slotted extensible flap. It should be remembered, how- 
ever, that this comparison is made Bolely on the basis of 
low profile drag for take-off and no account is taken of 
the added safety factor afforded by the slotted extensible 
flap, which would be operating at a lower percentage of 
the maximum lift coefficient. ~ ' 

3?h.o pitching-moment coefficients of the two arrange- 
ments may also be compared at such flap deflections that 
each arrangement has the same maximum lift coefficient, 
and therefore the take-off lift coefficient will bo thje 
same percentage of the maximum lift coefficient for each 
wing-flap arrangement, in this case the slotted exten- 
sible flap has the" lower pitching-nomeht coefficients. 
Probably an even more critical criterion for a comparison 
of pitching-moment coefficients is the landing condition. 
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lor this condition, however, "both flaps would probably 
be deflected full downward and the would havo very nearly 
equal pitching-monont coefficients. Other effects, such 
as stability and balance changes duo to power, the span 
of the flaps, the characteristics of tiro tail, and, in 
general, all of the other factors connected with the in- 
dividual design of each airplane, would havo to bo con- 
sidered in making a valid comparison of the pitching- 
moment coefficients obtained with different wing-flap 
c ombinations • 



CONCLUDING REMARKS 



The basic airfoil gavo the Lowest prof ilc-*drag coef- 
ficients over the low lift range, the airfoil with the 
plain extensible flap gavo the lowest profile-drag coof- 
ficionts over the moderate lift range, and the airfoil 
with the slotted oxt-ensiblo flap gave tho lowost profilo- 
drag coefficients over tho high lift range. The airfoil 
with the slotted extensible flap hAd the same maximum lift 
airs flap deflection of 25° as the! airfoil with the plain 
extensible flap had at a flap deflection of 60°. Tho ro- 
sults of comparisons of tho airfoil pi tching-momont coef- 
ficients obtained with tho two types of flap are dependent 
upon the basis choson for comparison. 



Langley Memorial Aeronautical Laboratory, 

ITatlonal Advisory Committee for Aeronautics, 
Langley Meld, To., October 1, 1940. 
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Figure 1.- Seotion of 1101 83021 airfoil 

with a O.lEo slotted extensible 
flap ( Clark T seotion) . 
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Figure 8.- Seotion of X101 83081 airfoil 

with O.lBo plain extensible 
flap (Clark T seotion). 
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rigors 3.- Seotion aerodynamic characteristics of the SAOA 23081 airfoil with a 
0.16o slotted extensible flap. (Glark-T seotion). 
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